Although SPG11 is the most common complicated hereditary spastic paraplegia, our knowledge of the long-term prognosis and life expectancy is limited. We therefore studied the disease course of all patients with a proven SPG11 mutation as tested in our laboratory, the single Dutch laboratory providing SPG11 mutation analysis, between 1 January 2009 and 1 January 2011. We identified nine different SPG11 mutations, four of which are novel, in nine index patients. Eighteen SPG11 patients from these nine families were studied by means of a retrospective chart analysis and additional interview/examination. Ages at onset were between 4 months and 14 years; 39% started with learning difficulties rather than gait impairment. Brain magnetic resonance imaging showed a thin corpus callosum and typical periventricular white matter changes in the frontal horn region (known as the 'ears-of the lynx'-sign) in all. Most patients became wheelchair bound after a disease duration of 1 to 2 decades. End-stage disease consisted of loss of spontaneous speech, severe dysphagia, spastic tetraplegia with peripheral nerve involvement and contractures. Several patients died of complications between ages 30 and 48 years, 3-4 decades after onset of gait impairment. Other relevant features during the disease were urinary and fecal incontinence, obesity and psychosis. Our study of 18 Dutch SPG11-patients shows the potential serious long-term consequences of SPG11 including a possibly restricted life span.
INTRODUCTION
Hereditary spastic paraplegias (HSPs) are a clinically and genetically heterogeneous group of neurodegenerative disorders. In addition to pure forms, in which symptoms are limited to lower limb pyramidal tract dysfunction, complicated forms exist with additional neurological signs and usually an autosomal recessive (AR) pattern of inheritance.
SPG11, caused by mutations in the SPG11 gene encoding the protein spatacsin in which currently 4120 mutations have been described, is the most frequent AR-HSP worldwide, accounting for about 40% of complex AR-HSPs. 1 SPG11 is characterized by earlyonset spastic paraplegia and cognitive deficits with variable other signs, like peripheral neuropathy, hand muscle atrophy and cerebellar ataxia. Brain magnetic resonance imaging (MRI) shows nonspecific cerebral atrophy, a characteristically thin (anterior) corpus callosum and periventricular white matter changes (WMCs) in the frontal horn region, with a typical 'ears of the lynx'-appearance. 2 Other clinical syndromes have also been reported as being associated with SPG11 mutations, for example, Kjellin syndrome, juvenile amyotrophic lateral sclerosis and L-dopa-responsive parkinsonism. [3] [4] [5] Onset of SPG11 usually occurs within the second decade of life and the disease progresses relatively rapidly as compared with other HSPs. 6 Most patients become wheelchair bound after 1 or 2 decades.
Little information is available about the long-term prognosis and life expectancy. This prompted us to study the disease course of SPG11 patients in the Netherlands.
MATERIALS AND METHODS Patients
Since 2009, the DNA diagnostic laboratory of the Radboud University Nijmegen Medical Center is the only Dutch laboratory providing SPG11 mutation analysis. From January 2009 till January 2011, mutation analysis for SPG11 was performed in 125 spastic paraplegia patients of whom DNA samples and clinical data were submitted by various clinicians from all over the country. All patients or their caregivers had provided written informed consent. These 125 patients presented a broad phenotypical spectrum, with or without additional signs or abnormalities on brain MRI. For all patients with a proven SPG11 mutation, available medical records and imaging data were reviewed. A clinicogenetic HSP database was constructed containing clinical information about the age at onset of gait impairment and learning difficulties (as mentioned by the patient or parents), symptoms, neurological examination, and the results of genetic testing and brain MRI. A neurological re-examination and/or an additional (phone) interview with the relatives has been performed focused on deficient clinical data (all patients in Supplementary Table 1 except for patient 7 who was lost to follow-up). This study has been carried out in the Netherlands in accordance with the rules set by the national research ethics committees on the review of studies.
Genetic analysis
Mutation analysis of the SPG11 gene was performed by standard Sanger sequencing of the coding sequences, including flanking intronic regions, and MLPA analysis (MRC-Holland kit P-306, Amsterdam, The Netherlands). Genbank Accession Number NM_025137.3 was used as the reference sequence. Mutation nomenclature follows the guidelines from the Human Genome Variation Society (http://www.hgvs.org/mutnomen/), version 2.
RESULTS

Genotype
In a sample of 125 (pure and complex) HSP patients, we identified nine different SPG11 mutations in nine kindreds (7.2%; Table 1 ). Four mutations were novel, and all were predicted to be null mutations, that is, nonsense, splice site or frame-shift mutations, causing a premature termination codon resulting in absence of the encoded spatacsin protein.
One particular mutation, a deletion of exons 31-34 (c.5867-?_6477 þ ?del), was identified in five index patients. Extensive genealogical analysis identified a common ancestor for patients 6, 9 and both patients of family 3.
Phenotype
The 18 SPG11 patients from nine families were examined at a mean age of 26 years (range 13-46 years). All had a prominent spastic paraplegia with cognitive deficits (Supplementary Table 1 ). The disease presented with either motor/gait impairment (11 patients, 61%) or learning difficulties (7 patients, 39%) between the ages of 4 months and 14 years (mean 7.9 years).
At the time of examination, after a mean of 15.9 years (range 0.9-35.3 years) since the occurrence of gait impairment, 12 patients (67%) were no longer ambulatory. They had become wheelchair bound after 2-18 years of gait impairment. During follow-up, 94% developed sphincter problems, manifesting as urinary as well as fecal incontinence in 44%. Obesity was seen in 14 patients in total (78%), of whom 9 were non-ambulatory. From the four patients who were not obese, three were wheelchair bound for 415 years. At least, 7 out of 13 patients (54%) developed dysphagia, necessitating tube feeding in 3 of them. Cerebellar ataxia was seen in 8 out of 14 (57%) patients. No prominent extrapyramidal signs were noted. Four patients (22%) from three separate families suffered from one or more episodes of psychosis at ages 24 to 28 years. Another five patients had behavioral problems in childhood.
Brain MRIs from nine patients were available for review. Both a thin corpus callosum and periventricular WMCs in the frontal horn region were seen in all nine patients; this last feature fitted the description of the 'ears-of the lynx'-sign (Figure 1) . In seven patients, cerebral atrophy was noted as well.
Long-term follow-up and end-stage SPG11-HSP After 420 disease years, striking features of the end-stage condition were: wheelchair-bound tetraplegia with flexion contractures, severe amyotrophy of the hand muscles, urinary and fecal incontinence, dysphagia, dementia and finally mutism (see also Supplementary Material: Table S1 , Figure S1 and family report). Five patients died of complications at a mean age of 41.6 years (range: 30-48 years); 26 to 47 years after disease onset.
DISCUSSION
Within the spectrum of HSPs, SPG11 can present not only as an almost 'uncomplicated' HSP, but can also evolve into a severe disorder with progressive invalidating features, like in a substantial proportion of our patients, leading to complete dependency or death before the age of 50. Thirty-nine percent of our patients started with isolated learning difficulties. As gait impairment raises the suspicion of an HSP earlier, learning difficulties as the presenting symptom might have been under-represented in previous studies. 1, 7, 8 Most patients lost ambulation 1 to 2 decades after disease onset, regardless of supportive therapeutic strategies. The percentage of wheelchair-bound subjects was 67% after 15.9 years (mean) of gait impairment, which is only slightly higher than reported previously. 1 The typical brain MRI signs described before could also be confirmed. 1,2
The speed of disease progression resulted in a limited lifespan of 3 to 4 decades after disease-onset. In other reports progression to nonambulation varied from 1 or 2 decades to intact ambulation after 24 years. 6, 9 Our study underscores the potential serious long-term consequences of SPG11 including a restricted life span.
A comparably rapid progression with predominant learning difficulties at onset, followed by severe spastic paraplegia with distal amyotrophy, hallucinations in adolescence, aphasia, obesity, and fecal SPG11: long-term prognosisand urinary incontinence, was recently described in seven patients with Kjellin syndrome (four of whom had SPG11 mutations). 10 This condition is also characterized by typical retinal pigment epithelium lesions later in the disease. 10 Two of these patients died at ages 30 and 36 because of pulmonary complications. Whether this aggressive disease course is specifically associated with Kjellin syndrome is questionable, since in its first description, SPG11 mutations in five patients indicated a much milder course with a relatively late onset of cognitive decline in the fourth decade. 5 In our SPG11 cohort, two (twin brothers) out of six patients, of whom ophthalmological data were available, had retinal pigment epithelium lesions after 12 to 19 years of disease, compatible with Kjellin syndrome (Figure 2) . Unfortunately, ophthalmologic examination was performed in six patients only.
The strikingly reduced verbal fluency leading to mutism seen in some of our patients (families 1 and 2; Supplementary Table 1) has not been described in SPG11 patients with Kjellin syndrome, but has been reported in two members of an Italian SPG11 family. 11 Obesity-not because of immobility-was a remarkable frequent feature, as well as episodes of psychosis. Both symptoms have been described in some SPG11 patients, but have not been considered part of the phenotype before. 1, 5, 8, 10, 12 Finally, we found a much higher percentage of sphincter disturbances than previous studies (94% vs 42.9%), and urinary and fecal incontinence in particular (44% vs unknown), possibly due to under-reporting before. 7 Whether obesity, hallucinations and muscle atrophy are part of the SPG11 phenotype itself or are actually secondary to immobility, comorbidity or comedication, needs further attention in future studies, as well as the possibility of a more severe disease course in patients with retinal pigment epithelium lesions (Kjellin syndrome).
The largely retrospective nature of our study imposes limitations. Nevertheless, our study contributes to the knowledge about the clinical phenotype of SPG11, including notable clinical signs and symptoms like mutism, psychosis, dysphagia, obesity and sphincter disturbances in the course of the disease, as well as typical neuroimaging signs. Moreover, our study underscores the more rapidly deteriorating course as compared with other HSPs and a possible restricted life span because of complications in some SPG11 patients. This may aid in raising diagnostic awareness and in improving case management, prognosis and counseling of subjects and their families with this complex multisystem disease.
